The homeobox gene superfamily is highly conserved during evolution. These genes act as transcription factors during several important developmental processes through their 60 amino acid homeodomains that recognize and bind to the regulatory region of their target genes. We isolated a novel homeobox gene designated Tex1 from a mouse testis cDNA library by degenerate oligonucleotide polymerase chain reaction (PCR) screening. Three extra amino acid residues, AYP, are inserted between the first and second helices of the homeodomain, which makes Tex1 a TGIF subclass homeobox gene. Tex1 was expressed specifically in the testis as seen by both Northern blot and RT-PCR analysis. Tex1 expression is initiated at around day 20 of testes. Furthermore, the results of in situ hybridization analysis reveal that the expression of Tex1 in testis is restricted in the germ cells at spermatid stage. Based on these data, it is suggested that Tex1, a novel testis homeobox gene, may play a crucial role during spermatogenesis. q
Results and discussion
Spermatogenesis is a complex process that leads to the formation of male gametes. This process takes about 35 days in mice (Berruti, 1998) . The first wave of spermatogenesis is initiated at around postnatal day (dpp) 6, and there are a few haploid spermatids present in the seminiferous tubules at 20 dpp (Bellve et al., 1977) . In a recent search for novel homeobox genes that may be involved in spermatogenesis, we performed degenerate oligonucleotide polymerase chain reaction (PCR) screening. We identified several uncharacterized homeobox genes from the testis cDNA library and designated these genes as Tex (testisexpressed homeobox) genes. Partial cDNA fragments from the PCR amplification were used as probes for the preliminary Northern analysis to confirm their testis expression and to check the transcript size. One of these genes, Tex1, shows mouse testis-specific expression and a short message of size 1.2 kb. Five Tex1 cDNA clones were isolated from testis cDNA library screening. The 1038-bp insert of the longest cDNA clone was sequenced and submitted to GenBank (Accession number AF434662). The homeodomain of Tex1 is an atypical homeodomain with an extra 3-residue insert between the first and second helices which makes Tex1 a three amino acid loop extension (TALE) superclass homeodomain-containing gene. Comparison of this homeodomain with other homeodomain sequences showed that it is more similar to the TGIF subclass of the TALE family not only because of the high similarity in the amino acid sequences but also the three conserved extra residues, AYP (Burglin, 1997) (Fig. 1) .
Northern analysis of multiple tissues indicated that Tex1 is expressed specifically in the testis ( Fig. 2A) . We further confirmed the testis-specific expression by Northern analysis of RNAs from the urogenital tract (Fig. 2B) . To understand the testicular expression of Tex1, we isolated RNA from different stages of testes and performed Northern analysis (Fig. 2C ). Although a negative result was seen at the 3-week stage from Northern analysis, an expression signal was detected by a more sensitive RT-PCR analysis (Fig. 2D ). Tex1 expression during embryonic stages (E3.5-newborn) was not detected by either Northern or RT-PCR analyses (data not shown). These results reveal that the Tex1 message becomes apparent during the first wave of spermatogenesis.
To determine whether Tex1 is expressed in the somatic or germ cells, Tex1 expression was examined in W/W v testis. W/W v mutant mouse possesses one deleted and one defective allele for the c-kit gene which leads to blocking of the transition from A-type to B-type spermatogonia. The premeiotic differentiation of germ cells requires functional interaction between the Steel ligand produced by Sertoli cells and the c-kit receptor on the germ cells (Yoshinaga et al., 1991) . The W/W v mutants thus have only a few primary spermatogonia present in the seminiferous tubules. However, the somatic cells of the mutant testis are functional, which is supported by the recovery of fertility after spermatogonia transplantation from the Steel mutant to the W/W v seminiferous tubules (Ogawa et al., 2000) . Tex1 transcript was detected in normal testes but not W/W v mutant testis (Fig. 2E ). This result indicates that Tex1 expression is restricted to germ cells.
To identify the localization of Tex1 transcript in the testis, we performed in situ hybridization analysis and observed specific hybridization signals only with the antisense probe in the spermatid layer of the seminiferous tubules (Fig. 3) . Some positive signals were also observed in the residual bodies localized at the inner ring of the epithelia. This finding correlates well with previous results which showed that Tex1 expression is initiated with the first wave of spermatogenesis.
Experimental procedures

Degenerate PCR cloning of novel homeobox genes
Degenerate oligonucleotides were designed based on the highly conserved helix 3 of homeodomain sequences, and PCR amplification from cDNA libraries was performed as described previously (Li et al., 2002) . DNA sequences of PCR products containing a putative novel homeodomain were used to search EST databases to obtain additional sequence information from which PCR primers could be designed for amplification of a longer cDNA fragment.
Cloning of Tex1 full-length cDNA
The Tex1 cDNA fragment (bps 65-342) was PCR amplified with primers Tex1-F: 5 0 -TTCATCCCTGGTTTC-TAAGCCAC-3 0 and Tex1-R: 5 0 -CGGTATTCTTGGAC-AGCATTCG-3 0 and used as a probe to screen a mouse testis cDNA library (Life Technologies) according to the manufacturer's instructions. A total of 10 6 colonies was plated out for screening. Five positive clones with insert sizes longer than 1 kb were sequenced.
Mice identification
WBReJ W/1 and C57BL/6 W v /1 mice were purchased from the Jackson Laboratory. Colonies were maintained and genotyped as previously described (Shyu et al., 2001 ).
RNA isolation and Northern blot analysis
Total RNA was extracted with Trizol reagent (Life Technologies). Twenty micrograms each of total RNA were loaded and size-fractionated on 1.5% agarose/formaldehyde gels and transferred to nylon membranes (Amersham Pharmacia Biotech). Blots were hybridized with the Tex1 cDNA probe (bps 65-342).
In situ hybridization
The Tex1 cDNA fragment (bps 65-342) was subcloned into the pGEM-T vector (Promega). Sense and antisense riboprobes were prepared by in vitro transcription using T7 and SP6 polymerase, respectively, with digoxigenin-UTP (Boehringer Mannheim). The in situ hybridization of testis paraffin sections were performed using standard protocols.
